Changes in dry weights, reduced N, nitrate, and nitrate reductase activity of various plant parts of the above ground vegetation (stover) and ears of field grown maize were measured at intervals between anthesis and grain maturity. Nonstructural carbohydrate contents were also measured in some instances. Changes in dry weight and reduced N content were used to approxhiate net in situ photosynthetic and nitrate assimilation activities and to determine whether the availability of photosynthate or reduced N was limiting grain production.
to approxhiate net in situ photosynthetic and nitrate assimilation activities and to determine whether the availability of photosynthate or reduced N was limiting grain production.
Of the five hybrids studied, all showed extensive remobilization (loss) of reduced N from the stover during grain development. This loss of stover N was initiated by 18 to 21 days after anthesis. Most of this loss of N (about 70%) was from the leaves. In contrast, three of the five hybrids had more vegetative dry weight at grain maturity than at anthesis, while the loss of stover dry weight by the other two hybrids was neglgible. By 42 days after anthesis when the bulk of the ear weight had been acquired, the average gain in stover dry weight for the five hybrids was 12% while the loss of stover reduced N was 28%. Where measured, the increase in stover dry weight was largely due to deposition of carbohydrates in the stalk. These results show that the photosynthetic capacity was adequate while nitrate reduction capacity was inadequate for ear demands. The changes in the rate of accumulation of dry weight and reduced N by the ear indicated that the rate of supply of reduced N to the ear could have limited ear development for one of the five hybrids. The dry weight and carbohydrate (where measured) accumulation in the vegetation during the first 42 days after anthesis infers that the rate of supply of photosynthate to the ear was probably not a limiting factor for any of the five hybrids.
The maximum remobilization of stover N during grain development was 1.8 g N plant-' for the genotypes examined, while the amount of reduced N accumulated by the grain varied from I to 5 g plant-1. The amount of newly reduced N (nitrate reduced after anthesis) provided from 48 to 72% of the total N accumulated by the ear. The relative amounts of newly reduced N and remoblized N vary with genotype and environment. With respect to imuring high productivity, it was concluded that there is more flexibility in the system (genotype and environment) for increasing the supply of newly reduced N than in enhancing the remobilization of vegetative N.
Over the past 30 years the increased use of fertilizer N in Illinois has been associated with a marked increase in maize grain production with no concurrent increase in percent grain crude protein (16) ; however, the role of zein is not clear. Much emphasis has been given to the role of photosynthesis in maximizig productivity of crops while little emphasis has been given to the role of N, especially for maize (3, 5, 15) . In Tollenaar's review (15) of sourcesink relationships in maize, major emphasis is given to the production and storage ofphotosynthate while little emphasis is given to the possible role of nitrogen. He does point out the existence of a close relationship between photosynthesis and nitrate reduction. In addition to this relationship, metabolic charts show numerous points of interaction between carbon and nitrogen metabolism. The problem is that the interactions are so closely linked that it is difficult to separate the cause and effect relationship between C and N metabolism as it relates to grain yield. The objectives of this work were to: (a) determine the changes in reduced N, non-structural carbohydrate, and dry weight content of the above ground vegetative parts and ears at intervals during grain development; and (b) estimate from these changes the potential capacity of the vegetation to meet the demands for photosynthate and reduced N by the developing ear.
MATERIALS AND METHODS
Cultural Procedures. In 1980, Zea mays L. plants (cv. B73 x Mol7) were grown at field stands of 39,500 plants ha-' as previously described (2) . Grain yield calculated from the plot row reserved for harvest was 91 q ha-' (15.5% moisture). In 1978 four hybrids were grown at field stands of 45,700 plants ha-' as previously described (12) . As established in the previous study, two of the hybrids B37 x B73(A) and B37 x H96(B) were of the 'high NRA3-low protease' class while the other two hybrids C123 x B 14A(C) and Mol7 x H95(D) were of the 'low NRA-high protease' class. Based on leaf Chl content, hybrids C and D senesced 8 to 10 days earlier than hybrids A and B (12) . Plot yields were 74, 86, 86, and 87 q ha-' for hybrids A, B, C, and D, respectively.
Sampling. Sampling of the vegetative parts was as previously described (2, 12) . In 1980, ears were sampled at intervals (3, 5, 9, 13, 18, 21, 31, 34, 41, 46 and 57 DAA) between anthesis (July 19) and black layer grain maturity (Sept. 14) and in 1978 as previously described.
Weight and Assays. These measurements were made as noted (2, 12 proposed that the changes in reduced N content of the various plant parts that comprise the total above ground material will provide an estimate of NRA over time. In a similar manner changes in nonstructural carbohydrate and dry weight will provide an estimate of CER. The estimation of the amount of N derived from newly reduced nitrate or remobilization from vegetation was estimated by differences in total reduced N content of the various plant parts (12) .
RESULTS AND DISCUSSION Ear Development-1980. The pattern of increase in ear (grain plus cob) dry weight was sigmoidal (Fig. 1) . The plotted mean values show, in sequence, a lag phase, a near linear phase between 9 and 31 DAA, and a curvilinear termination phase of ear growth. Apparent breaks or inflection points in the linear portion of the curve occurred between 18 and 21 DAA and between 31 and 34 DAA.
The initial decrease in carbohydrate content of the selected leaf between 5 and 9 DAA (Fig. 2) was concurrent with the initiation of rapid grain fill ( Fig. 1 ) and a severe droughty period ( greater magnitude were noted in comparable leaves of earless plants grown in the same plot (2) . The decrease in leaf carbohydrate between 21 and 31 DAA is consistent with the absence of rainfall until 26 DAA and heavy cloud cover between 26 and 30 DAA (departmental and university weather records). The increase in leaf carbohydrate between 31 DAA and grain maturity was concurrent with the gradual cessation of ear dry weight accumulation and favorable temperature and moisture regimes. The increase in carbohydrate content per stalk, (4 g between 3 and 28 DAA and 8 g between 28 and 42 DAA) indicates photosynthetic capacity was not the factor limiting ear development (Table I ).
An increase in stalk carbohydrate does not necessarily imply that the amount of photosynthate delivered to the ear was adequate. However, Duncan et al. (4) state that the stalk serves as a storage organ for sugar, which can be translocated to maintain kernel growth during periods of low photosynthesis.
The pattern of increase in ear reduced N was also sigmoidal (Fig. 1) (Fig. 3) . According to the work of Shaner and Boyer (13) , this would indicate a decreasing rate of flux of nitrate into the leaf. The rapid depletion of nitrate stored in the midrib of the individual leaf between 9 and 41 DAA (Fig. 3) also supports the view that the flux of nitrate into the leaf was inadequate to meet assimilation needs and to maintain the storage supply. Nitrate content of the leaves (composite sample including midrib) decreased rapidly from 3 to 28 DAA and slowly thereafter (Table I) . Stalk nitrate decreased to a minimum by 42 DAA. The progressive loss of reduced N from the stover (Fig. 2 (Table II) , therefore remobilization of vegetative N was required to meet portions or all of the sink demand. The changes in stover reduced N between 7 DAA and maturity were -0.78 g (34%), -1.06 g (42%), -1.57 g (66%) and -1.52 g (64%) for hybrids A, B, C and D, respectively. Most of this N (from 65 to 82%) was lost from the leaves (excluding sheaths).
The net remobilization of vegetative N occurred earlier during ear development and was more extensive than the remobilization of vegetative dry weight. By 42 DAA when the bulk of the ear weight had been acquired, the stover dry weights were 34, 17, 8 and 2% greater than at anthesis, and the stover reduced N contents were 10, 21, 35 and 37% lower than at anthesis for hybrids A, B, C and D, respectively. These data show that the photosynthetic capacity was generally in excess of ear needs, whereas the supply of newly reduced N was inadequate for ear needs. Hanway (7, 8) also found negligible losses of vegetative dry weight and substantial losses of vegetative N during the grain filling period of maize. However, these data do not establish that the actual photosynthate available to the ear was in excess, or that the actual integrated supply of N (newly reduced plus remobilized N) was inadequate. Synchronization of supply rates, i.e. partitioning and transport, with ear needs over time could also affect the rate of ear development.
As can be deduced from the data of (2, 12) and we presume that these losses were concurrent with decreased photosynthetic capacity. Although measurements were made with other corn genotypes, field canopy photosynthesis peaks at, or shortly after, anthesis and usually decreases progressively thereafter (private communication, (12) . While the loss of N from the maize leaves is consistent with the 'self-destructive' hypothesis proposed for soybeans (14) the loss of N from maize leaves is independent of the presence of a grain sink (2) .
Tsai et al. (16) (Table I) .
Of the 0.91 g of N acquired by the ear between 42 and 57 DAA (Table III) 82% was supplied by newly reduced N. This estimate is consistent with the late flux of N03 into the midrib (Fig. 3) and stalk (Table I ) and the corresponding increase in NRA (Fig.  3) . The high levels of protease in the leaf (2) are apparently ineffective in supplying reduced N to the ear at this time.
Only 4% (11.7 g plant-) of the total ear dry weight (including cob) was provided for by net remobilization of stover dry weight and only 21% of this small contribution was made by 42 DAA (Table III) .
In the 1978 experiment, the amount and percentages of the ear N provided by newly reduced N were 1.7 g plant-' (69%), and 1.7 g plant-' (62%) for the two high NRA-low protease hybrids and 1.6 g plant-' (50%o) and 1.38 g plant-' (48%) for the two low NRAhigh protease hybrids. These data and previous work (12) show that the two sources of N (newly reduced and remobilized) are compensatory and that the amounts of N acquired by the ear from is more flexibility in increasing the amount of newly reduced N than in increasing the amount of remobilized N. This is consistent with the general observations made over the past 30 years that increased N supply is associated with enhanced productivity, while percent grain N has remained constant (6) . Nitrogen utilized in the development of tassel and pollen and in ear initiation appears to be derived primarily from newly reduced N, as detectable net remobilization of vegetative N occurs after anthesis. The initiation of the reproductive phase may be a critical period with respect to maintaining an adequate supply of reduced N for development of the reproductive organs. Under field conditions, soil nitrate availability is at the low point of its seasonal cycle and often environmental conditions are adverse. Nitrate reduction is much more sensitive to high temperatures and low leaf water potentials than photosynthesis (6) . Based on work with rice a limitation in the availability of N during ear initiation may restrict development of sink capacity (10, 11 
